Nail patella syndrome (NPS, MIM 161200) or onychoosteodysplasia is an autosomal dominant, pleiotropic disorder characterized by nail dysplasia, absent or hypoplastic patellae, exostoses ("horns") of the ilia, dysplasia of the elbows, and in some cases, nephropathy (Beals and Eckhardt 1969) . Genetic linkage between the nail patella syndrome and the ABO blood group, with an estimated recombination fraction of 0.1, was the third autosomal linkage relationship to be established in humans (Renwick and Lawler 1955) . The increasing density of genetic markers has allowed the positioning of the NPS locus within a 1-2 cM interval between D9S60 and AK1 with maximal two-point LOD scores at D9S112 (LOD=27.0, θ=0.00) and D9S315 (LOD=22.0, θ=0.00; McIntosh et al. 1997 ). Study of additional NPS families has further reduced the interval to that between D9S315 and D9S2172 (data not shown). In order to isolate the gene mutated in persons with NPS, the physical mapping of this region has been initiated.
First, the information available from the Whitehead Institute was used to identify Centre d'Etude du Polymorphisme Humain (CEPH) yeast artificial chromosomes (YACs) from the interval (URL: http://www.genome.wi.mit.edu/cgi-bin/ contig/phys_map). This enabled the establishment of a contig from D9S117 to D9S266 ( Fig. 1 ) but did not include either D9S315 or D9S112 (previously shown to be the closest markers to NPS; McIntosh et al. 1997) or any further telomeric markers. Screening of additional YAC libraries identified a series of clones that established a contig across the NPS interval, as defined by recombination events (data not shown), and, secondly, a contig from D9S117 to AK1 with only three small gaps (two of which separate D9S918 from flanking markers; Fig. 1) .
Analysis of the human gene map (URL: http://www. ncbi.nlm.nih.gov/SCIENCE96/) identified 94 cDNAs positioned between D9S282 and D9S260 (telomeric of AK1; McIntosh et al. 1997 ). Except for those representing genes of known function deemed incompatible with a role in NPS and those mapped outwith the candidate interval in the Whitehead database, these cDNAs were positioned on the physical map. Out of 69 tested, 13 cDNAs were positioned on the map relative to other markers (Fig. 1) , none lying within the NPS interval. A further three out of 8 cDNAs in dbEST that had been localized to the 9q34 region by radiation-hybrid mapping (URL: http://www.ncbi.nlm.nih.gov/ XREFdb/) were placed on the map. Again, none mapped within the NPS interval.
Thus, the minimal genetic interval has been established for the NPS gene and this interval has been covered by a contig of YAC and bacterial artificial chromosome (BAC) clones. These resources permit the positional cloning of the NPS gene. Since completion of the work described above, the NPS gene has been identified as that encoding the transcription factor LMX1B (Chen et al. 1998; Dreyer et al. 1998) . We have subsequently confirmed the localization of LMX1B within the candidate interval on BACs 155F21 and 265A2. Fig. 1 Physical map of the D9S117-ENG interval. Lines above the loci group those that cannot be ordered relative to each other. The NPS interval is indicated by the thick bar. The dashed line within YAC 946B5 represents a deletion predicted by STS mapping and confirmed by fiber-fluorescence in situ hybridization (data not shown). STSs and ESTs were selected from the databases on the basis of mapped position. Primers were obtained from Research Genetics (Hunstville, Ala.) or were designed from the sequences in Genbank. YACs 792G11, 946B5, 920C12, 781H8, 946F7, 779E8, and 962A7 from the CEPH library were selected on the basis of the published map (Chumakov et al. 1995) and purchased from Research Genetics. YACs 16D11, 18D8, 17D5, 24D5, 9D7, and 13B5 from a chromosome-9-specific library (McCormick et al. 1993) , YACs 259C3 and 132F1 from the ICI library (Anand et al. 1990) , and A37E12 and B105C6 from the Washington University library (Brownstein et al. 1989) were selected by the polymerase chain reaction (PCR) with primers for loci within or around the NPS interval. BACs 129I2, 365B2, 273N1, 184K1, 265A2, 155F21, 82J18, and 39P12 were identified by PCR screening of Human BAC Pools Release II from Research Genetics. Cosmids were selected from a flow-sorted chromosome-9-specific library by PCR screening (M. K. McCormick, unpublished) . YAC 15F1 and P1#113 were gifts from Claire Shovlin
